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sizes and embryonic pole lengths as well as delayed appearance of embryonic cardiac activity have been shown to be predictive To determine whether ultrasonographic findings can preof early pregnancy loss (Bromley et al., 1991; Nazari et al. , dict the karyotype of spontaneous abortions, 137 pregnan-1991; Dickey et al., 1992; Goldstein, 1992; Frates et al., 1993) .
cies (54 spontaneous, 83 assisted ovulatory cycles) that
Approximately 50-60% of all first trimester spontaneous aborti subsequently aborted and had chromosome analysis perhave chromosomal abnormalities (Boué et al., 1975 ; Stern formed on the products of conception were studied ultra et al., 1996) . Several studies have shown an embryonic or sonographically. Transvaginal ultrasound was performed fetal length Ͻ50th percentile for the expected gestational age using an Acuson 128XP/10 with 7.5 MHz probe. The among pregnancies that subsequently aborted (Bessho et al. , numbers of empty gestational sacs, small and normal 1995; Brambati and Lanzani, 1987) . However, one study for gestational size, embryonic poles and embryos with (Bessho et al., 1995) reported no difference between the documented cardiac activity were calculated. The frequency measured and expected crown-rump ratio when concepti of each of these findings in pregnancies with normal and from spontaneous abortions with abnormal karyotypes were abnormal karyotypes was compared. Of the 137 spontancompared with normal karyotypes. To determine whether other eous abortions, 51 had normal chromosome analyses and specific ultrasonographic findings can predict the karyotype of 86 had abnormal karyotypes (68 aneuploidies and 18 spontaneous abortions, 137 pregnancies that subsequently polyploidies). Ultrasonographic findings in the 51 karyotypaborted and had chromosome analysis performed on the ically normal pregnancies included 16 (31%) with empty products of conception were studied. gestational sacs, and 35 (69%) with embryonic poles, of which 24 (69%) were at least 1 week smaller than expected for gestational age and 11 (31%) were the expected size.
Materials and methods Embryonic cardiac activity was documented in 22 (63%)
The study population consisted of 137 pregnancies that terminated (63) 67 (49) 19 (14) observed when assisted and spontaneous ovulatory cycles are compared. The distribution of chromosomal abnormalities among aborti from assisted and spontaneous ovulatory cycles Chromosomal analysis of the 137 spontaneous abortions revealed 51 (37%) normal and 86 (63%) abnormal karyotypes. development and HCG administration were identical to IVF cycles As shown in Table II , among the 51 pregnancies with normal (Coulan et al., 1994a,b) . The days of insemination and embryo karyotypes, ultrasonographic findings included 16 (31%) empty transfer were used to calculate the gestational age of pregnancy.
gestational sacs and 35 (69%) with embryonic poles. Of these Women with irregular menses were not included in this study if the 35 with embryonic poles, 24 (69%) were Ͻ95% of pregnancies date of conception was not clearly documented.
ending with delivery of normal infants at the same period of or 67% of the pregnancies with embryonic poles measured;
Embryonic heart rates were calculated from frozen M-mode images cardiac activity prior to embryonic loss was visible in 50 with electronic calipers. Gestational sac diameters and embryonic abnormal pregnancies (58% of karyotypically abnormal pregpole lengths were compared with expected measurements based upon nancies or 79% of those with embryonic poles measured). Of the LMP or upon their relationship to each other (Coulam et al., the 86 spontaneous abortions that had abnormal chromosomal 1996). An empty sac was defined as a chorionic sac with no analysis, 68 were aneuploidies and 18 were polyploidies. No identifiable embryonic pole. A small for dates embryonic pole was significant difference in frequency of ultrasonographic findings defined as an embryo measuring Ͻ5th percentile for expected size of empty gestational sacs and small embryonic poles were based upon LMP or gestational sac diameter . observed between karyotypically normal and abnormal sponEmbryonic cardiac activity was measured prior to diagnosis of taneous abortions. Embryos establishing cardiac activity prior pregnancy loss between 5 and 8 weeks of gestation while the embryo to spontaneous loss were significantly less frequent among was still viable.
The frequency of empty gestational sacs, smaller than expected pregnancies with polyploidy compared with aneuploidy (P ϭ embryonic pole length and lack of demonstration of embryonic 0.02; Table II ).
cardiac activity between 5 and 8 weeks of gestation was determined
The frequencies of normal and abnormal chromosomal for pregnancies with normal and abnormal karyotypes. The results analysis among pregnancies with ultrasonographic findings of were compared using χ 2 analysis with Fisher's exact probability test.
empty gestational sacs, small embryonic poles and pregnancy A difference of P Ͻ 0.05 was considered significant. loss after documentation of embryonic cardiac activity are shown in Table II . Among the 137 spontaneous abortions, 39 (28%) had empty gestational sacs seen on ultrasonographic Results examination and 16 (41%) of these pregnancies had normal The mean age of the women experiencing spontaneous aborkaryotypes. Seventy-two (53%) spontaneous abortions tions was 36.3 Ϯ 4.4 years (range 26-46). The mean gestational occurred after documentation of embryonic cardiac activity age at which uterine curettage was performed was 8.1 Ϯ 1.8 and 22 (31%) of these pregnancies had normal karyotypes, weeks. The distribution of gestational age at the time of uterine whereas 50 (69%) had abnormal chromosomal analysis. curettage is shown in Figure 1 . Table I compares the frequency of chromosomal abnormalitDiscussion ies among aborti from assisted and spontaneous ovulatory cycles. No significant differences in the frequency of normal Ultrasonographic findings of pregnancies ending in spontaneous abortion did not predict their karyotype. The frequency and abnormal karyotypes nor aneuploidy nor polyploidy is somal abnormalities among spontaneous abortions previously Table II . Frequency of normal and abnormal chromosomal analyses among reported (Boue et al., 1975; Stern et al., 1996) .
spontaneous abortions, showing frequencies of ultrasonographic
An association between morphology and chromosomal findings of empty gestational sac, small embryonic pole length and presence of embryonic cardiac activity anomalies of aborti has been reported (Ohama 1983; Boué et al., 1996) (Bessho et al., 1995) . Three reports studied the relationship between chromosomal anomalies of abortuses and ultrasonocardiac activity graphically measured embryonic pole length in viable embryos which subsequently aborted (Brambati and Lanzani, 1987;  *Normal versus polyploidy P ϭ 0.02; aneuploidy versus polyploidy P Ͻ 0.00001. Dickey et al., 1994; Bessho et al., 1995) . All three studies reported an embryonic pole length in karyotypically abnormal of empty gestational sacs, small embryonic poles and presence embryos Ͻ50th percentile for normal expected at the age of of embryonic cardiac activity prior to pregnancy loss was the gestation (Brambati and Lanzani, 1987; Dickey et al., 1994 ; same when chromosomally abnormal concepti were compared Bessho et al., 1995) . One study (Dickey et al., 1994) showed with normal concepti. The prevalence of empty gestational the embryonic pole lengths of aborti with abnormal karyotypes sacs (~30%), smaller than expected embryonic poles (~50%)
were smaller than those with normal karyotypes that delivered and pregnancy loss after documentation of embryonic cardiac and of abnormal embryos that subsequently aborted. Thus, the activity (53%) are the same as those previously reported in literature suggests that: (i) a difference between embryonic women experiencing repeated spontaneous abortion (Coulam pole lengths exists when pregnancies producing live births et al., 1994a) . In this study, no differences in ultrasonic findings (normal) are compared to pregnancies ending in spontaneous during the first trimester of pregnancy in women who aborted abortion (abnormal); (ii) no difference in embryonic pole were seen when pregnancies in women with a history of lengths is observed when spontaneous abortions with normal recurrent spontaneous abortion were compared with women and abnormal karyotypes are compared; and (iii) pregnancies with no previous history of abortion. The frequency of chromobearing live births of aneuploidic infants are associated with somal abnormalities for the ultrasonographic findings of empty growth retardation (Benacerraf et al., 1994) . Taken together, gestational sac (59%), smaller than expected embryonic pole, these observations suggest that growth retardation via intrinsic (64%) and pregnancy loss after demonstration of embryonic (abnormal karyotype) or extrinsic (normal karyotype) mechanisms is associated with pregnancy loss. Data are accumulating cardiac activity (69%) is the same as the frequency of chromo-
